Purpose: Extracellular matrix metalloproteinase inducer (EMMPRIN) has been shown to stimulate fibroblasts to production of matrix metalloproteinases (MMPs). MMPs comprise a family of proteolytic enzymes implicated in the degradation of extracellular matrix which has been proposed to be one of the essential steps in tumor invasion and metastases. In the present study we investigated the expression and location of mRNAs for EMMPRIN, matrix metalloproteinase-2 (MMP-2), and membrane-type 1 matrix metalloproteinase (MT1-MMP) in mesenchymal tumors with different tendencies to recur or metastasize.
Introduction
Soft tissue sarcomas constitute a heterogeneous and complex group of malignant tumors of mesenchymal origin which can potentially develop anywhere in the human body. A multitude of entities are described, the recognition of which is essential for their proper treatment and clinical handling. Today, surgery is the mainstay treatment for all mesenchymal tumors and there are no other generally applied effective treatments. Although surgery is often extensive, there is a need for better complements to the surgical treatment, and hence a demand for the development of reliable prognostic markers in the planning of treatment.
The most common type of soft tissue sarcoma is malignant fibrous histiocytoma (MFH), which accounts for 25-40% of all cases in adulthood. 1, 2 This entity is generally characterized by aggressive biological behaviour, and the patients frequently develop distant metastases and local recurrence. The majority of cases are of high malignancy grade (grade 3 or 4 on a four-grade scale, [3] [4] ) and the reported 5-year survival rates vary between 50% and 70%. [5] [6] [7] Today the most important prognostic factors include tumor size, localization and histopathological grade. [1] [2] [3] [4] The value of molecular assays has become evident to improve diagnostic sensitivity and specificity, and to achieve an improved understanding of the molecular mechanisms involved in the tumor development and progression. Aggressive fibromatosis (AF) is a fibrous tissue tumor that usually occurs in the subfascial tissue of the abdominal wall, shoulder or chest wall. It never metastasizes but local recurrence is often seen after surgical excision. Benign fibrous tumors (BF) usually develop in the subcutaneous tissue or tendon sheath but rarely recur and never metastasize.
Interactions between the tumor cells and the stroma leading to degradation of the basement membrane and the stromal extracellular matrix play important roles in the metastatic process of many types of tumors. Matrix metalloproteinase-2 (MMP-2, 72kDa type IV collagenase, Gelatinase A) and membrane-type 1 matrix metalloproteinase (MT1-MMP), are members of a family of zinc-dependent proteolytic enzymes that degrade extracellular matrix proteins, glycoproteins and proteoglycans and are implicated in the extracellular matrix (ECM) remodelling and degradation processes. 8, 9 MMP-2 degrades type IV collagen which is unique to the basement membrane, and has thus been shown to be of importance for tumor cell invasion and metastases. 10, 11 It is secreted as a latent pro-enzyme which is activated on the cell surface by a complex consisting of MT1-MMP, a metalloproteinase with a transmembrane domain, 12 and tissue inhibitors of metalloproteinase type 2 (TIMP-2), a natural inhibitor of MMPs. 13 EMMPRIN is a transmembrane glycoprotein belonging to the superfamily of immunoglobulins. It is attached to the surface of many types of malignant human tumor cells. 14, 15 EMMPRIN has been shown to stimulate fibroblasts to produce MMPs and is thus proposed to regulate the MMP production during tumor invasion. [16] [17] [18] The purpose of this study was to investigate the involvement of these genes by measuring the mRNA expression of EMMPRIN, MMP-2, and MT1-MMP in mesenchymal tumors with different clinical outcome and with different tendency to recur or metastasize.
Patients and tumor material
The 21 patients were all operated on at the Karolinska Hospital, and none of the patients had received any postoperative treatment. Patient and tumor data are given in Table 1 . All tumors were re-evaluated and classified, according to established histopathological criteria, 1 by an experienced histopathologist who had no knowledge of the clinical course. The malignancy grading was determined on a four-grade scale based on the estimation of cellularity, cellular atypia, necrosis and mitotic frequency. 3, 4 The surgical margins were also re-evaluated. The study included eight cases with MFH (four storiform-pleomorphic, two myxoid and two giant cell type), seven cases of aggressive fibromatosis (AF), and six benign fibrous tumors (BF) (two fibrous histiocytomas and four fibromas of the tendon sheath). All MFH patients were operated on in 1990, and those with AF or BF were operated on between 1990 and 1995.
Methods

RNA probe preparation
For RNA preparation of antisense and sense probes full length cDNA of EMMPRIN (1.6 kb) and MMP-2 (1.2 kb) were subcloned into bluescript transcription vectors. The constructs were linearized with the proper restriction enzymes for RNA probe transcription. An MT1-MMP cDNA fragment (nt 1647-2889) was subcloned into the pGEM 4 vector, and antisense (405bp) and sense (837 bp) probes were transcribed. The transcriptional products were designed to eliminate the risk of cross-reactivity. The cDNA plasmids were generously supplied by Huiming Guo, Tufts University, Boston, Massachusetts, USA (EMMPRIN), 16 Gregory I. Goldberg, Washington University, St. Louis, MO, USA (MMP-2) 19 and Hiroshi Sato, Kanazawa University, Ishikawa, Japan (MT1-MMP). 12 The sense RNA probes were used as internal negative controls for each hybridization reaction. Hybridization to adrenocortical cancer tissue was used as a positive control for the EMMPRIN probe, and to breast carcinomas for MMP-2 and MT1-MMP. In addition hybridization with a -actin probe was used as a positive control of RNA presence in all tumors. In vitro transcribed RNA was labelled with 35 S-UTP (10mCi/ml) using the conditions and reagents recommended by the manufacturer (Promega, Madison WI, USA), and purified by ultrafiltration (Microcon 100, Amicon, Beverly, MA, USA) prior to the hybridization reactions.
RNA in situ hybridization
The hybridization procedures used in this study were essentially as previously described. 20 Paraffinembedded sections of 5 µm were deparaffinized with limonene, rehydrated through graded ethanol followed by phosphate buffered saline at room temperature (RT), treated with proteinase-K (1 µg/ml, 30 minutes, 37ºC), and then treated for 10 minutes with 0.1 M triethanolamine buffer (pH 8.0) containing 0.25% acetic anhydride to reduce background. The sections were then washed twice in 2× SSC, dehydrated in graded ethanol, air dried, and heated to 60ºC for 30 minutes. The hybridization solution (HS) containing 50% formamide, 2× SSC, 20mM Tris-HCl pH 8.0, 1× Denhardt's solution, 1 mM EDTA, 10% dextran sulfate, yeast tRNA 500µg/ml mixed with 100mM dithiothreitol (DDT), and 2.5 × 10 3-4 cpm/µl 35 S-labeled RNA probe was preheated to 68ºC for 10 minutes and cooled down to RT on ice. The tumor sections were covered with HS, and incubated at 55ºC overnight in a humidified cham-ber. After hybridization, stringent washing was performed with SSC and 10mM DDT, the most stringent step being 0.1× SSC for 15 minutes at 60ºC. Non-specific binding was reduced by incubating the sections in RNAse buffer (0.5 M NaCl, 10 mM Tris-HCl pH 8.0, 1 mM EDTA) and RNAse A (20 µg/ml) for 30 minutes at 37ºC followed by washes with RNAse buffer and SSC in decreasing concentrations, the last two steps consisting of 0.1× SSC for 15 minutes at 60ºC and for 30 minutes at RT. The sections were then dehydrated in ethanol, air dried, dipped in Kodak NTB-2 emulsion, exposed for 5-12 days (MMP-2), 5-13 days (EMMPRIN), and 6-38 days (MT1-MMP) respectively, developed, and counter-stained with hematoxylin-eosin. The sections were evaluated with both light and darkfield microscopy. Evaluation of the hybridization results were performed by three investigators including a pathologist who also re-evaluated the histopathological diagnosis. In the evaluation of MT1-MMP, five of the 21 tumors had positive signals for the sense probe and were therefore excluded. The expression of mRNA was graded as -= no expression above background; + = low, low expression in few cells (<10%); ++ = moderate, moderate to high expression in many cells (10-70%); and +++ = high, high expression in the majority of cells or in all cells (>70%) ( Table  2- 
Statistical analyses
The relationship between high mRNA-expression of EMMPRIN, MMP-2 or MT1-MMP and tumor type was analysed using the Fisher's exact test. The association between high mRNA levels and clinical outcome in MFH patients was analysed using KaplanMeier log-rank survival curves and Log-Rank test to evaluate the difference between the curves. The correlation between EMMPRIN and MMP-2 was analysed using Spearman Rank order. All analyses where made in STATISTICA 5.5 software. Probabilities of <0.05 were accepted as statistically significant.
Results
The mRNA-expression of EMMPRIN, MMP-2 and MT1-MMP were analysed in twenty-one mesenchymal tumors by mRNA in situ hybridization technique. The clinical data, outcome and histopathology are given for each case in Table 1 . Three of the eight patients with MFH died of the disease during followup. One patient had a local recurrence which was treated surgically, he has thereafter no evidence of disease at 6 years follow-up (Case no. 4, Table 1 ). The remaining four patients with MFH were without any evidence of the disease after a mean follow up of 7.5 years. The mean follow-up for the seven AF patients was 4 years during which one of the tumors recurred locally (Case no. 13, Table 1 ). None of the six BF recurred (Table 1) . The results from the mRNA in situ hybridization are detailed in Table 2 . -actin was used as positive control and was expressed in all 21 tumors analysed.
Expression of both EMMPRIN, MMP-2, and MT1-MMP-mRNA, were found at varying frequencies and levels in all tumor types. Expression was most Table 2 , and the magnification was ×200.
Fig. 1. mRNA in situ hybrization analyses showing expression of EMMPRIN in case no 7 (a1, a2) and case no 5 (b1, b2), and of EMMPRIN, MMP-2, MT1-MMP in case no 4 (c1, c2, d1, d2, e1, e2). Hybridization with sense probe were used as negative controls (a3-e3). The hybridization signals appear as white spots in dark field microscopy (a1-e1, a3-e3) and as black spots in light field microscopy (a2-e2). The scoring of the expression is according to
commonly seen in the MFH tumors, where EMMPRIN mRNA was expressed in seven of the eight cases. MMP-2 mRNA was expressed in all eight cases and MT1-MMP mRNA was expressed in all six tumors that not had positive sense. The levels of expression were also comparatively high in the MFH tumors, with high expression (+++) detected for EMMPRIN mRNA in 4/8 cases and for MMP-2 mRNA in 6/8 cases. No correlation could be seen between expression levels and the different histopathological subtypes. In the AF tumors EMMPRIN and MMP-2 were detected in six of the seven cases, and in three and four cases respectively the detected level of expression was high (+++). MT1-MMP was only expressed at low levels (+) in AF. Overall the lowest levels of expression were seen in BF where expression of EMMPRIN and MMP-2 were seen in three and of MT1-MMP in two of the six tumors. For all three types of tumors the mRNA expression of EMMPRIN and MMP-2 showed a significant tendency to covariate (correlation coefficient = 0.805, p<0.001). This was illustrated by e.g. the high expression (+++) in MFH cases 1-4 and AF cases 9-11 in which both genes were expressed at high levels (+++). Similarly BF tumors no 16-18 all expressed EMMPRIN and MMP-2 mRNA, while the other three BF cases were negative for both genes.
EMMPRIN-, MMP-2-and MT1-MMP mRNAs were all identified in neoplastic cells. EMMPRINand MMP-2 mRNAs but not MT1-MMP mRNA were also seen in endothelial cells. The level of expression in endothelial cells was almost identical to the overall expression. In some of the MFH tumors, an intratumoral variation of expression was found. Where normal tissue could be identified outside the tumor pseudo-capsule, EMMPRIN-and MMP-2 mRNA were commonly expressed in stroma-like cells as well as in endothelial cells. Unlike EMMPRIN and MMP-2, expression of MT1-MMP mRNA was never seen outside the pseudo-capsule. No mRNA-expression of EMMPRIN, MMP-2 or MT1-MMP was detected in muscle cells or in adipose tissue outside the tumor pseudo-capsule.
When high tumor mRNA-expression of EMMPRIN, MMP-2 or MT1-MMP were compared with clinical outcome and tumor type some statistically significant associations were revealed. High levels of MMP-2 were detected in six of the eight MFH tumors as compared to none of the BF cases (p = 0.022). Similarly when combining the groups of MFH and AF, which are both characterized by a tendency to recur locally, high mRNA-expression of MMP-2 was seen in ten of the fifteen cases as compared to none of the six BF cases (p=0.008, Table 3 ). Furthermore the four MFH patients who died from the disease or who developed a local recurrence during followup all had high expression of EMMPRIN while this was not the case for any of the four MFH patients who remained disease free during follow up. This association was also statistically significant (p=0.014, Table 4 ).
Discussion
A major characteristic of the malignant phenotype is the ability to invade the surrounding stroma and subsequently to metastasize. These events require degradation of the basement membrane and of the components of the extracellular matrix. Several metalloproteinases and their regulators have previously been shown to play important roles in the invasion process of various tumors. 21 In the present study the mRNA-expression of EMMPRIN, MMP-2 and MT1-MMP were demonstrated in three types of mesenchymal tumors with different biological behaviour, indicating that the matrix degrading system is frequently activated in these tumors. In general, the detection of mRNA expression for a given gene cannot be taken as an evidence of a corresponding protein expression. However, the high expression of MMP-2 mRNA in MFH and AF is in agreement with previous reports where a strong immunohistochemical reactivity for MMP-2 was found in the same type of tumors. 22, 24 A significant correlation between the expression of MMP-2-and MT1-MMP mRNA and localisation of the corresponding antibodies as demonstrated by immunohistochemistry has also been demonstrated in head and neck tumors. 23 These findings indirectly indicate that the production of mRNA de facto corresponds to a synthesis of the corresponding proteins. The coexpression of EMMPRIN-and MMP-2 mRNAs in the majority of the tumors suggests that EMMPRIN could be of importance for the initiating of MMP-2 production also in mesenchymal tumors. We found in agreement with previous reports for MMP-2, but not for EMMPRIN, an mRNA expression in stroma-like and endothelial cells as well as in neoplastic cells which might reflect their common mesenchymal origin. 21 EMMPRIN mRNA has previously been demonstrated in both malignant and noncancerous cells e.g. keratocytes. MMP-2 expression in both benign and malignant cells as has been demonstrated in head and neck carcinoma which may represent one of the mesenchymal characteristics that are acquired during the malignant transformation. These preliminary data with regard to mesenchymal tumors should be interpreted with caution considering the difficulty to distinguish between normal stroma cells such as fibroblasts and atypical cells that are frequently seen outside the tumor pseudo-capsule.
A correlation between MMP production and tumor characteristics such as invasiveness and metastatic capacity has earlier been shown in several reports. 13 In the present study the mRNA-expression of MMP-2 was significantly more frequent in MFH and AF than in BF. Although both BF and AF lack metastatic potential they frequently expressed MMP-2 mRNA, indicating that MMP-2 itself is not an indicator of metastases. However, the limited tumor material in the present study does not allow any conclusions to be drawn regarding the role of MMP-2 in the process of tumor progression.
All tumors from MFH patients who had a local recurrence or died of the disease, demonstrated high levels of EMMPRIN mRNA whereas this was not seen in any of the tumors from patients that remained disease-free. The role of EMMPRIN as a prognostic marker in MFH remains to be elucidated. These preliminary findings are in agreement with previous reports and indicate that activation of the extracellular matrix degrading system could be an important component in the aggressive behaviour of MFH tumors. MFH = malignant fibrous histiocytoma; AF = aggressive fibromatosis; BF = benign fibrous tumor *P-value is calculated as compared to BF; n.s. = not significant 
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